Introduction
Administration of a single injection of 150 µg LH-RH to seasonally anoestrous Clun Forest ewes in¬ duced LH release in all animals and ovulation in the majority, although luteal function, as assessed by peripheral plasma progesterone concentrations, was completely absent in most of the treated animals (Haresign, Foster, Haynes, Crighton & Lamming, 1975) . Since the LH release was significantly lower than that observed at a natural oestrus it was suggested that the lack of luteal function might be due to an inadequate LH release before ovulation. Attempts to augment the induced LH release by increasing the dose of LH-RH to 300 µg failed .
Simultaneous determination of LH and LH-RH-like activity in jugular venous plasma of ewes at oestrus (Crighton, Foster, Holland & Jeftcoate, 1973) suggested that administration of the LH-RH as a series of injections might simulate the natural preovulatory LH peak more closely. When this pro¬ cedure was followed there was a significant increase in the induced LH release, and ovulation occurred but the subsequent peripheral plasma progesterone concentrations remained basal (Crighton, Foster, Haresign & Scott, 1975 ). Reeves, Arimura & Schally (1971a, b) (Lintin, Lamming & Butt, 1973 ).
The present study was an examination of the LH and progesterone profiles in seasonally anoes¬ trous ewes treated with LH-RH alone and in conjunction with PMSG or oestradiol benzoate. These were compared to the changes occurring during a natural oestrous cycle in an attempt to understand the lack of luteal function in ewes treated with LH-RH alone. All ewes were subjected to laparotomy for examination of the reproductive tract on the 3rd day after treatment of ewes in Groups 1-3 or on Day 3 of the cycle (Group 4).
Assays
Progesterone. Plasma progesterone concentrations were determined by the radioimmunoassay previously described . There was negligible cross-reaction with any of the major steroids occurring in ovine plasma. Sensitivity of the assay was 26 pg/tube (0-08 ng/ml plasma); the inter-and intra-assay coefficients of variation were <10% in this study, and the mean extraction efficiency over all assays was 62-7 + 3-2%.
LH. Plasma LH concentrations were measured by a specific double-antibody radioimmunoassay (Haresign etal, 1975) . Sensitivity of the assay was 1-OngNIH-LH-Sl 7 equiv./ml and negligible crossreactions were observed with ovine FSH, GH or prolactin. A highly purified preparation of ovine TSH was not available, but there were no differences between the concentrations of LH detected by the assay in plasma samples obtained before and after treatment of ewes with 300 µg TSH-RH, suggesting that cross-reaction with TSH was low. Inter-and intra-assay coefficients of variation were both <10 % in the present study.
Analysis of all data was by Student's t test.
Results

Ovarian activity
At laparotomy 3 days after treatment all ewes treated with LH-RH alone or PMSG + LH-RH and 
LH release
In all the anoestrous ewes plasma LH concentrations increased from basal values (<15 ng/ml) immediately after LH-RH injection (Table 1) . Pretreatment with PMSG or oestradiol benzoate significantly (P < 0-01) increased the duration of the LH peak, and this, together with the increased peak height, gave rise to a significantly (P < 0-05) greater total release of LH, assessed by the area under the LH peak, in the ewes in Groups 2 and 3 than in those in Group 1. Both of the 'combined' treat¬ ments gave an LH release more similar to that occurring in the cyclic ewes (Group 4) and there was no indication in any animal of either a biphasic LH release of a second LH surge.
Progesterone concentrations
All the ewes in Group 2, and 3 out of 5 ewes in Group 1 had basal levels of progesterone (<0-5 ng/ml) throughout the entire sampling period following the induction of ovulation. The remaining two ewes in Group 1 showed an elevation in progesterone concentration lasting for approximately 12 days, the maximum values attained being 1 -0 and 1 -4 ng/ml. All 4 ewes in Group 3 showed a rise in plasma progesterone concentration, typical ofthat seen during a natural oestrous cycle, which began 3-4 days after LH-RH administration and remained elevated for 12-0 ± 0-4 (s.e.m.) days. The maximum con¬ centration recorded during the mid-luteal phase of the cycle for individual ewes ranged from 2-1 to 3-2 ng/ml, giving a mean value of 2-5 ± 0-3 ng/ml. Normal patterns of progesterone concentrations were recorded in the control cyclic ewes in Group 4. The maximum mid-luteal concentration recorded for individual ewes ranged from 2-8 to 5-0 ng/ml, giving a mean value of 3-9 ± 0-5 ng/ml. This figure was significantly higher (P < 0-05) than that recorded for Group 3 ewes (PMSG + LH-RH). There was no correlation between progesterone concentration and the number of corpora lutea in any of the treatment groups.
Discussion
The pattern of LH release following a single i.v. injection of 150 µg LH-RH alone to seasonally anoestrous ewes was similar to that previously reported . Pretreatment of sea¬ sonally anoestrous ewes with 50 µg oestradiol benzoate significantly increased the response to a single injection of LH-RH. Arimura & Schally (1971) and Reeves et al (1971a, b) have also reported an increased pituitary response to LH-RH after oestradiol pretreatment of ewes, although different doses of hormone, routes of administration and timing of treatments were used. The increased response to LH-RH in the oestrogen-pretreated ewes recorded in the present experiment may have arisen from an increased pituitary sensitivity to LH-RH stimulation because there was no evidence of biphasic LH release patterns. Moreover, the LH-RH injection was given only 7 h after pretreatment and thus be¬ fore the LH release which occurs about 13 h after and in response to the oestradiol benzoate.
The increased LH release in ewes pretreated with PMSG may also have been due to an increase in pituitary sensitivity to LH-RH resulting from endogenous oestradiol-17ß production, because PMSG is known to induce oestrus in seasonally anoestrous ewes primed with progesterone (Robinson, 1952 (Robinson, , 1954 . This possibility is supported by the fact that the uteri of ewes pretreated with PMSG, like those of ewes pretreated with oestradiol benzoate, were still oedematous when examined at laparotomy 3 days after treatment. Confirmation of this point might have been provided by plasma oestrogen determinations, but this was not possible in the present study.
The increased LH release after pretreatment with oestradiol benzoate of PMSG was of the same order of magnitude as that observed (W. Haresign, unpublished) (1973) and an oestrogen augmentation of pituitary sensitivity to LH-RH stimulation. However, the doses of LH-RH used in the present experiment may have resulted in non-physiological levels at the pituitary gland, thus making comparison of the natural and experimental situations hazardous.
The complete absence ofluteal function in most of the ewes induced to ovulate with LH-RH alone, in which LH release was only 25 % of that occurring at natural oestrus, is consistent with previous findings , as is the low progesterone response in the other ewes from this group. LH release in the oestrogen-pretreated ewes was 70 % of that seen at natural oestrus and yet luteal function was absent. Therefore lack of LH at the preovulatory surge cannot be regarded as the cause of the inability of induced corpora lutea to secrete progesterone in animals treated with LH-RH alone. Similarly there was a lack of luteal function in ewes ovulating after a series of LH-RH injections which led to an LH release that was 70% of that at natural oestrus . The induction of ovulation with oestradiol benzoate alone in anoestrous ewes is also associated with the complete absence of luteal function (W. Haresign, unpublished data), but the induced LH release in these ewes cannot be compared with that in the Group 2 ewes in the present study because a different sampling frequency was used.
PMSG has as its primary action the stimulation of follicular development and the increased LH release occurring about 34 h after injection is thought to be stimulated by endogenous oestrogen pro¬ duction. The LH response in PMSG-pretreated ewes in the present study was almost certainly due to the exogenous LH-RH because it occurred immediately after the LH-RH injection, which was given 24 h after the PMSG. Treatment of seasonally anoestrous ewes with PMSG alone generally results in ovulation and adequate luteal function (Haresign, 1976) . Therefore the raised progesterone concen¬ trations in the Group 3 ewes pretreated with PMSG suggests that the inability of LH-RH-induced corpora lutea to secrete progesterone is probably due to lack of suitable follicular development or stimulation before the induction of ovulation. This is supported by studies with women in which ade¬ quate follicular development is needed prior to ovulation before full luteal function can occur (Cook, Pearce, Davies & Campbell, 1973; Sherman & Korenman, 1974a, b) .
Although the mean maximum progesterone concentration was significantly higher in the cyclic ewes than in those treated with PMSG + LH-RH, this difference can be explained by the higher metabolic clearance rate of progesterone in anoestrous ewes (Bedford, Harrison & Heap, 1972 
